coronary heart disease (CHD) has been steadily decreasing sincethe1970s,itisstillresponsible for 15% of all deaths and nearly half of all circulatory disease deaths in England.
1,2 A national policy was launched in 2000 to reduce the CHD mortality rate by two-fifths in those individuals aged younger than 75 years by 2010. 2 This goal was achieved nationally, but regional variations in CHD mortality rates persist. In England, populations and primary care services are grouped geographically into primary care trusts (PCTs, 152 trusts in place between 2006 and 2010; available at http://www.erpho.org.uk/Download /Public/14465/1/PCTs%20England %202006.pdf) and, in 2008, the agestandardized CHD mortality between trusts varied between 45.3 and 147.1 per 100 000 European Standard Population. 1 The goal of our study was to identify factors that explain variations in CHD mortality between PCTs. Potential causes for variability include characteristics relating to the population and to the service. Population characteristics include demographic, biological, and sociobehavioral factors (eg, deprivation, prevalence of hypertension and diabetes, and rates of smoking and obesity). [3] [4] [5] [6] The effect of some of these characteristics may be offset by health care interventions (eg, screening for and treatment of hypertension or smoking cessation programs). The consistent delivery of such interventions is influenced by the characteristics of the health care service, such as the level of provision of primary care services, 7, 8 the organization of primary care teams, 9 or performance in terms of the management of patients and achievement of relevant performance targets. Evidence on service characteristics associated with reduced coronary mortality would, therefore, inform the development of improved delivery of health care by trusts, as well as the evolution of health care systems in other countries, including the United States, who are seeking to improve population health. 10 A pay for performance scheme (the quality and outcomes framework) was implemented in 2004. This framework introduced substantial financial incentives for the achievement of performance targets by primary care practices (referred to as general practices in England) across a range of clinical and organizational domains. 11 The framework includes performance indicators for processes (eg, measurement of blood pressure and serum cholesterol in patients with CHD) and intermediateoutcomes(eg,controlofblood pressure and cholesterol to specified targets). For asthma and diabetes, the rate of performance improvement accelerated significantlyfollowingintroductionofthe quality and outcomes framework, although this was not the case for CHD. 12 Nevertheless, the gap in achievement betweentheleastandmostsocioeconomically deprived localities [13] [14] [15] has progressively narrowed across many clinical indicators, such as achieving target blood pressure levels. 13, 16, 17 The quality and outcomes framework may therefore be associated with greater performance equality, but the effect on CHD mortality has not yet been demonstrated.
The quality and outcomes framework provides incentives to general practices tomaintainregistersofpatientsdiagnosed as having selected chronic conditions that include hypertension and diabetes. The Health Survey for England is an annual population survey designed to measure healthandhealth-relatedbehaviorsinEngland. Recording of diabetes on practice registers indicates a level of detection relatively close to expected prevalence levels, with 3.7% of individuals aged 17 years or older being recorded on general practice registers as having diabetes in 2006 compared with 4.9% of individuals aged 16 years or older reported as having diabetes in the Health Survey for England for the same year. 18 In contrast with diabetes, in 2008, only 13.1% of the population wererecordedonpracticeregistersashavinghypertension,althoughtheHealthSurvey for England found a prevalence of hypertension of 30.1% among adults. 19 The survey revealed that in 14.7% of adults, hypertensionwasnottreated;in8.7%,hypertensionwastreatedandcontrolled;and in 6.7%, hypertension was treated but not controlled. Therefore, in England, there is evidence that hypertension is still underdetected based on the numbers of patients recorded on practice registers.
In designing our study, we hypothesized that variations in CHD mortality between PCTs would be explained not only by provision and performance of services, but also by variations in population characteristics.
METHODS

Study Design
We conducted a cross-sectional study involving all PCTs in England, in which population and service characteristics were used to explain CHD mortality in a hierarchical regression model. The Leicestershire, Northamptonshire, and Rutland National Health Service Research Ethics Committee was consulted; the committee advised that ethical review for the study was not required.
Study Sample
The study included all 152 PCTs in England. Primary health care is delivered by general practices contracted to the trusts. 
CHD Mortality
The age-standardized CHD mortality rate for European Standard Population was the dependent variable, because age is an important factor in mortality and there is considerable variation in the age structure of populations in different trusts. 19 the hypertension register is more likely to function as a measure of detection than of prevalence. On the other hand, diabetes is much better detected; therefore, the diabetes register is more likely to reflect prevalence. Because of this difference in detection efficiency between the 2 registers, we used the diabetes register as a population characteristic variable (referred to as "registers of individuals with diabetes") and the hypertension register as a service level variable (referred to as "levels of detected hypertension") in our analyses.
Socioeconomic deprivation was included using the 2007 index of multiple deprivation, a UK government statistic that combines a set of indicators (in 7 domains-income, employment, health, education, barriers to housing and services, living environment, and crime) chosen to cover a range of economic, social, and housing issues into a single deprivation score for each small area in England. 24 The index is calculated using a formula that weights data from each domain. 25 We obtained the index at PCT level from the UK Department for Communities and Local Government. These data included (1) the proportion of maximum points achieved in 3 disease domains: hypertension, CHD, and diabetes. (In the pay for performance scheme, incentivized components of clinical and organizational performance are specified as indicators. 17, 28 Points are awarded on a sliding scale up to a maximum for achievement in each indicator. The incentive payment to each practice is calculated upon the basis of the number of points achieved, adjusted for the number of patients to whom the indicator applies. The proportion of points achieved provides, therefore, a summary of clinical performance in each disease domain.) (2) In view of their likely association with coronary mortality, an indicator of the proportion of people with hypertension or CHD whose blood pressure was controlled (most recent blood pressure Յ150/90 mm Hg) or cholesterol level was 192.99 mg/dL or lower (Յ5.0 mmol/L) in the previous 9 months. 28 
Statistical Analysis
In a descriptive analysis, we calculated means or medians for quantitative variables depending on their distribution. We then undertook univariable linear regression analyses for candidate predictors of age-standardized CHD mortality rate, calculating the adjusted r 2 value and ␤ coefficients with 95% confidence intervals (CIs). Descriptions of the outcome variables used in the analysis and the univariable analyses for 2008 are shown in TABLE 1 . Next, we undertook a 2-level hierarchical multiple linear regression (not a multilevel model) in which population and service characteristics in each year (or nearest available) were used to explain trust mortality in that year (all 3 outcome variables had a Gaussian distribution). In hierarchical regression, the researcher decides on the order of entry of variables into the multiple regression model. The variables can be split into blocks on the basis of some common attribute, and analysis can then be performed using backward, forward, or stepwise options. 29, 30 The first level included population characteristics known either to reflect cardiovascular disease risk factors or to be associated with CHD. The second level included the service characteristics in Because multivariable analysis for 152 PCTs could not support an excessive number of candidate explanatory variables, a selection process was undertaken to identify the second-level variables most relevant to health care and their possible effects on CHD mortality rates. We first selected those variables identified in the univariable analysis that had been significantly associated with CHD mortality. We then eliminated certain highly correlated variables on a priori theoretical grounds of being conceptually less representative of the characteristics in which we were interested. Thus, we eliminated obesity because it was highly correlated with levels of hypertension detected and registers of individuals with diabetes, and with smoking and white ethnicity. Furthermore, obesity is a risk factor for diabetes and hypertension. South Asian ethnicity was eliminated but white ethnicity retained, because this would enable comparison of white ethnicity with the combination of South Asian, black, and other ethnic groups.
The analysis was repeated separately for each of the 3 years. In step 1, the 4 firstlevel variables (prevalence of smoking, prevalence of diabetes, white ethnicity, and the deprivation index) were forced into the regression and estimates recorded. In step 2, up to 10 candidate second-level variables were added to the regression (data for
whose last blood pressure level was Յ150/90 mm Hg, proportion of patients with CHD whose last blood pressure level was Յ150/90 mm Hg, and proportion of patients with CHDwhoselasttotalcholesterollevelwas Յ192.99 mg/dL). Forward as well as backward stepwise methods were used to remove nonsignificant level 2 predictors from the final model, and the final setofpredictorswasthesameineachcase.
One thousand bootstrap samples were generated to calculate robust 95% CIs for the weakest level 1 predictor for each year from each final multivariable model, and the strongest nonsignificant level 2 predictor for each year.
Analyseswereconductedusingthestatistical package SAS version 9.1 (SAS Institute Inc, Cary, North Carolina). PϽ.05 was considered statistically significant.
RESULTS
Results were available for all 152 PCTs in England.
CHD Mortality
Coronary heart disease mortality had a normal distribution on visual inspection with a histogram for each year, with low skewness (Ͻ0.5) and low kurtosis (Ͻ0.3) for each year. The mean agestandardized CHD mortality rates per 100 000 European Standard Population decreased from 97.9 (95% CI, 94.9-100.9) in 2006 to 93.5 (95% CI, 90.4-96.5) in 2007 to 88. 4 Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; CHD, coronary heart disease; PCTs, primary care trusts; QOF, quality and outcomes framework. a The age-standardized rates are per 100000 European Standard Population. The quarters were created using quartiles. Quarter 1 was the group of PCTs with the lowest CHD mortality rates, with quarters 2 and 3 groups having progressively higher rates to quarter 4 group having the highest rates, all for 2008. b Range of values of overall mortality rate for CHD for each quarter.
quarters (from lowest to highest rates), associated with selected explanatory variables.
High scoring outlier PCTs (Ͼ3 SDs from the mean) were identified as Tameside and Glossop in 2008 and Blackburn and Darwen in 2007. The lowest scoring PCT in each year was Kensington and Chelsea, but the rate for this PCT was never more than 3 SDs from the mean.
Hierarchical Regression
The proportion of variability (adjusted r In the final model for all 3 years, the same 4 level 1 variables (proportion of smokers, index of multiple deprivation, white ethnicity, and registers of individuals with diabetes) were significantly positively associated with CHD mortality (TABLE 4). In step 2, the level of detected hypertension (a level 2 variable in our hierarchical model) was significantly negatively associated with CHD mortality, but no other service characteristics were significantly associated with mortality or significantly increased the adjusted r 2 value. The␤coefficientsforthesignificantpre-dictorsofCHDmortalityinthefinalmodel for 2008 were 79 (95% CI, 51-107) for white ethnicity, 0.70 (95% CI, 0.38-1.01) for index of multiple deprivation, 1704 (95% CI, 1329-2080) for registers of individuals with diabetes, 72 (95% CI, 14-129) for proportion of smokers, and −558 (95% CI, −735 to −382) for detected hypertension levels. All 5 predictors were highly significant in each year. The final models for 2007 and 2006 contained exactly the same predictors and the 95% CIs were broadly similar across all 3 models (Table 4) . Therefore, higher proportions of white individuals, higher levels of deprivation, higher levels of diabetes, higher proportions of smokers, and lower levels of detected hypertension were associated withhigherlevelsofCHDmortalityatPCT level in our models.
The median (interquartile range The residuals from the fitted models were all approximately normally distributed. Two trusts have been identified as high scoring outliers, but because we had no reason to doubt the integrity of these values, the trusts were included in the models (sensitivity analyses showed that omission of the outlier trust from the analysis did not change which variables were significant in the final models). We bootstrapped the 95% CIs for the weakest level 1 predictor for each year (smokers for 2008 and 2006, 
COMMENT
Our study confirms that despite overall reductions in CHD mortality rates marked variations persist a decade after the launch of a national policy to reduce both mortality and inequalities. We found that the predictors of variation in CHD mortality between PCT populations in England were primarily population characteristics. Socioeconomic deprivation, white ethnicity, levels of smoking, and registers of individuals with diabetes were all significant positive predictors.
White ethnicity had a negative univariable coefficient with respect to mortality, which was, however, significant in a univariable model only for 2008. When hypertension detection was included in the multivariableanalysis,whiteethnicityproduced a positive and highly significant association with mortality. This is an example of a suppressive relationship in a regressionmodel, 31 possiblyarisinginthis case because hypertension detection was higher in PCTs with higher proportions of white individuals.
Neither provision of primary health care as indicated by the numbers of physicians or staff per 100 000 population, nor clinical performance as reflected by the quality and outcomes framework indicator scores predicted mortality in any year. However, the negative association of numbers of adults recorded in practice hypertension registers (higher CHD mortality with fewer individuals included in practice hypertension registers) can be explained by the underdetection of hypertension. This supports our hypothesis that higher numbers of patients recorded in hypertension registers reflects better performance in detecting patients with increased blood pressure rather than the prevalence of hypertension in the population.
Our study has a number of limitations. The final hierarchical model only predicted 66% to 68% of variation in CHD mortality between PCTs. This introduces the possibility that 1 or more relevant factorswereomittedfromthemodel.Theservice factors included in the model were limited to those for which good quality data were available. We were unable to investigate the influence of other potentially relevant factors, such as access or continuity. One candidate missing population variable was sex, because the agestandardized CHD mortality rates are higher in men than in women. Unfortunately, we lacked breakdown by sex for almost all of the explanatory variables.
The data are not entirely contemporaneous. For example, smoking and obesity rates are modeled for [2003] [2004] [2005] , ethnicity rates and deprivation index calculated for 2007, mortality for the calendar year (January to December), and for the quality and outcomes framework the business year (April 1 to March 31). These were the latest or best contemporaneous fit for the variables selected for analysis.
Primary care trust level data represent averagesinlargepopulations,butmaynot necessarily reflect variations at individual practice and patient level. Although our study's goal was not to conduct an analysis at practice level, further investigation at practice level would be informative.
These findings have a number of implications. Coronary heart disease mortality rates are predominantly explained by population characteristics. Programs to reduce mortality should address those characteristics of populations amenable to intervention, including smoking and deprivation. The importance of paying attention to population characteristics is emphasized by the finding that better detection of hypertension in the population was associated with reduced CHD mortality at the population level. In the United States in [2007] [2008] 72 .5% of individuals with hypertension were receiving treatment 32 compared with 51.2% in England in the same year.
19 Therefore, although performance is better in the United States, improvements could be made in detecting and treating hypertension in both countries. Pay for performance incentive schemes focused on clinical management indicators alone may have only limited affect on population outcomes such as mortality. By concentrating on achieving targets for patients already on a disease register, the quality and outcomes framework provides practices with incentives primarily to improve individual patient care, with less attention being given to the whole population. Incentive schemes should be designed to promote systematic, population-wide iden- tification of individuals at risk, as well as reward the appropriate care of individuals identified.
In contrast with US studies that have shown an association between the supply of primary care physicians and mortality, 7, 8 we did not find such an association in England, possibly because in the country's universal access system, there is less variation between localities in the numbers of primary health care professionals per head of population.
CONCLUSIONS
Although a decade-long national policy to lower CHD mortality succeeded, wide variation in rates persist. This wide variation in CHD mortality is explained predominantly by population factors. A population orientation may be important in promoting further declines in CHD mortality rates. The extent to which primary health care services can affect these population factors is not certain.
